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Abstract
We present a wide field-of-view, multi-wavelength imaging data set
centered on the WLM dwarf irregular galaxy, as a supplement to the
deep, limited-field-size, Hubble Space Telescope observations.
WLM is the ideal environment to study isolated-galaxy evolution.
WLM is within the Local Group, at a distance of about 3 million lightyears, it is protected from tidal interactions from the Milky Way and
M31, being outside their dark matter halos. This HI-gas-rich galaxy
has been forming stars almost continuously for more than 12 billion
years. We explore the spatial distribution, ages, and chemical
evolution of its stellar population. We find that the system has been
accreting pristine gas (with little chemical enrichment), and may
have accreted another dwarf galaxy ~9 billion years ago.

Observa,ons

Results

Table 1: Summary of All Images
Used

Introduc,on
This project involves an extensive UV-IR imaging survey of the
WLM dIrr Galaxy (also designated, DDO 221; R.A.=00h01m58s,
Dec.= -15o27’45”), named for its discoverers, Wolf, Lundmark, and
Melotte [Melotte 1926]. This system is the most metal-poor galaxy
(Z~0.13Z¤) in the Local Group which continues to form stars
[Dolphin 2000; Rubio et al. 2015]. When carbon monoxide (CO)
was detected with ALMA observations [Rubio et al. 2015], the 10
small molecular cloud cores detected were discovered to be ~25
times smaller than giant molecular clouds in the Milky Way (MW).
Within WLM, we can study metal-poor star formation, explore
relatively-undisturbed galaxy evolution, and quantify the impact of
the cluster-environment on star formation histories of galaxies (tidal
interactions, inflow of HI) to compare with simulations [Shen et al.
2014]. This work [Hughes et al. 2019] is the first in a series of
papers, first focusing on the evolved population of the galaxy, and
testing a general method for distinguishing different generations of
stars formed within a system with continuing star formation. The
role of internal vs. external feedback in forming stars might be
clearer in this galaxy than in the dwarf galaxies within the MW's
dark matter halo, with the absence of strong tidal streams.

Fig.1: WLM through each filter used.
C (UV and blue), U (UV), B (blue), V (yellow), R (red), I (IR).

Deriving Age and Chemical-Composi,on
Using all the available images, we used the DAOPHOT/ALLFRAME programs
[Stetson 2000; 2005] to iden8fy over 150,000 objects in 2 or more ﬁlters. We
employed a sta8s8cal cleaning method [Mighell et al. 1998] to remove objects
belonging to the MW, or objects that were likely to be background galaxies. We
determined the distance and mapped the local dust, producing a color (brightness
in V-brightness in I) magnitude (absolute brightness in V, corrected for distance
and dust) diagram (CMD) for the best ~10,000 stars.

Fig.3: The top panel and center
panels are the age-metallicity
rela8onship for WLM red giants,
compared with other Hubble data
[Dolphin 2000; Albers et al. 2019]
showing bursts of star forma8on.

Fig.4: The histograms show the
metallicity distribu8on func8ons for
model galaxies (The Seven Dwarfs) [Shen
et al. 2014] and real Local Group Galaxies
(c and d are our data). Panels (e) and (f)
are the spa8al loca8on of some or our
sample. The lower panels are the models,
showing that WLM looks like “Doc”.

Conclusion
WLM has been forming stars in “bursts”, with no long pauses,
for over 12 billion years, including accre8ng pris8ne hydrogen
gas. The evidence suggests that WLM has a bimodal metallicity
distribu8on, and it looks like “Doc” ate “Grumpy” 9 billion years
ago. The distance is just under 1 million parsecs.
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Fig.2: The left-upper panel shows the CMD for our
data, the left-lower panel shows the Hubble Space
Telescope data for the center of the galaxy and the
globular cluster. The right-panel shows the models
[Choi et al. 2016] used to obtain age and metalcontent for the stars in the black box (red giants).
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